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Roughness of time series in a ritial interfae model
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We study roughness probability distribution funtions (PDFs) of the time signal for a ritial
interfae model, whih is known to provide a good desription of Barkhausen noise in soft ferro-
magnets. Starting with time windows of data olletion muh larger than the system's internal
loading time (related to demagnetization eets), we show that the initial Gaussian shape of the
PDF evolves into a double-peaked struture as window width dereases. We advane a plausible
physial explanation for suh struture, whih is broadly ompatible with the observed numerial
data. Connetions to experiment are suggested.
PACS numbers: 05.65.+b, 05.40.-a, 75.60.Ej, 05.70.Ln
I. INTRODUCTION
The probability distribution funtions (PDFs) of rit-
ial utuations in assorted systems have been the sub-
jet of muh reent interest, mainly stemming from the
realization that they exhibit a remarkable degree of uni-
versality [1, 2, 3, 4℄.
The roughness w2 of a utuating interfae with N
elements is the position-averaged square width of the in-
terfae height above an arbitrary referene level [4, 5℄:
w2 = N
−1
N∑
i=1
(
hi − h
)2
, (1)
where h is the average interfae height. The nite-size
saling of the rst moment of the roughness PDF gives
the roughness exponent ζ [6℄:
〈w2(L)〉 ∼ L
2ζ , (2)
where angular brakets stand for averages over the en-
semble of allowed interfae ongurations, and L is some
nite linear dimension haraterizing the system in study.
The width PDF P (w2) for orrelated systems at ritial-
ity may be put into a saling form [3, 4, 5, 7℄,
Φ(z) = 〈w2〉P (w2) , z ≡ w2/〈w2〉 , (3)
i.e., the saling funtion Φ(z) is expeted to depend only
on the saled width w2/〈w2〉. In other words, the size
dependene must appear exlusively through the aver-
age width 〈w2〉. Comparison of experimental or simula-
tional data to spei analytial forms, whose suitability
to the desription of the ase at hand has been anti-
ipated by physial arguments, usually results in good
agreement. Thus, the PDF of voltage utuations in
semiondutor lms was tted very well by that of perfet
∗
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Gaussian 1/f noise [3℄; simulational data for the single-
step model of deposition-evaporation, by the PDF of a
random-walk proess [7℄ (the latter orresponds to per-
fet Gaussian 1/f2 noise, or Wiener proess [4℄). Further
progress was made possible via the analytial evaluation
of roughness PDFs for generalized Gaussian noise with
independent Fourier modes ( i.e. 1/fα noise with gen-
eral, ontinuously-varying α) [4℄ . Consideration of the
saling properties of height-height orrelation funtions
and their Fourier transforms implies [5℄ that
α = d+ 2ζ , (4)
where d is the interfae dimensionality and ζ is dened
in Eq. (2) . Eq. (4) is valid provided that ζ > 0 [4℄, i.e.
α > 1 in the present ase where the interfae" is a time
series (see below).
In previous work [8℄ we applied the ideas outlined
above, to investigate the interfae roughness PDFs of a
single-interfae model whih has been used in the desrip-
tion of Barkhausen noise (BN) [9, 10, 11, 12℄. This is
an intermittent phenomenon whih reets the dynamis
of domain-wall motion in the entral part of the hystere-
sis yle in ferromagneti materials (see Ref. 13 for an
up-to-date review). By ramping an externally applied
magneti eld, one auses sudden turnings (avalanhes)
of groups of spins. The onsequent hanges in magneti
ux indue a time-dependent eletromotive fore V (t) on
a oil wrapped around the sample. Analysis of V (t), as-
sisted by suitable theoretial modeling, provides insight
into both the domain struture itself and its dynamial
behavior. It has been proposed that BN is an illustration
of self-organized ritiality [9, 14, 15, 16℄, in the sense
that a broad distribution of sales (i.e. avalanhe sizes)
is found within a wide range of variation of the external
parameter, namely the applied magneti eld, without
any ne-tuning. The interfae model studied here [9℄ in-
orporates a self-regulating mehanism, in the form of a
demagnetization fator.
We have shown [8℄ that the demagnetizing term is
irrelevant as regards interfae roughness distributions,
with the onlusion that in this respet the behav-
ior of self-regulated systems is in the same universal-
2ity lass as that of the quenhed Edwards-Wilkinson
model [17, 18, 19, 20℄, at ritiality (i.e. at the inter-
fae depinning transition).
However, when one onsiders the time series of in-
termittent events whih haraterizes BN, it is known
that the demagnetizing term is responsible for the in-
trodution of short-time negative orrelations in the
model (suh orrelations are observed in experiments as
well) [9℄. The question then arises of whether a orre-
sponding signature of self-regulation will be present when
the roughness distribution of the time sequene of BN
events is examined. Sine the traditional data aquisi-
tion method in the study of BN is exatly via the time
series of indued voltages, an investigation along these
lines may establish useful onnetions between observa-
tional data and the basi physial mehanisms underlying
BN.
II. MODEL INGREDIENTS AND DYNAMICS
We use the single-interfae model introdued in Ref. 9
for the desription of BN. In line with experimental pro-
edure, the external eld H ating on the sample is as-
sumed to inrease linearly in time, therefore its value is
a measure of time". We onsider the adiabati limit of a
very slow driving rate, thus avalanhes are onsidered to
be instantaneous (ourring at a xed value of the exter-
nal eld). In this simplied version, a plot of V (t) against
t onsists of a series of spikes of varying sizes, plaed at
non-uniform intervals. Generalizations for a nite driv-
ing rate may be devised [11, 21, 22℄, but will not onern
us here.
Simulations are performed on an Lx×Ly×∞ geometry,
with the interfae motion set along the innite diretion.
Sine we are interested in utuations of the Barkhausen
signal in time, we keep geometri aspets at the simplest
level, i.e. Ly = 1 (system dimensionality d = 2, interfae
dimensionality d′ = 1). Periodi boundary onditions are
imposed at x = 0, L .
The interfae (180-degree domain wall separating spins
parallel to the external eld from those antiparallel to it)
is omposed by L disrete elements whose x oordinates
are xi = i, i = 1, . . . , L, and whose (variable) heights
above an arbitrary referene level are hi. The simulation
starts with a at wall: hi = 0 for all i.
Eah element i of the interfae experienes a fore given
by:
fi = u(xi, hi) + k [hi+1 + hi−1 − 2 hi] +He , (5)
where
He = H − ηM . (6)
The rst term on the RHS of Eq. (5) represents quenhed
disorder, and is drawn from a Gaussian distribution of
zero mean and width R; the intensity of surfae tension
is set by k, and the eetive eld He is the sum of a
time-varying, spatially uniform, external eld H and a
demagnetizing eld whih is taken to be proportional to
M = (1/L)
∑L
i=1 hi, the magnetization (per site) of the
previously ipped spins for a lattie of transverse width
L. Here we use R = 5.0, k = 1, η = 0.005, values
for whih fairly broad distributions of avalanhe sizes are
obtained [8, 10, 11, 12℄.
The dynamis goes as follows. For xed H , starting
from zero, the sites are examined sequentially; at those
for whih fi > 0, hi is inreased by one unit, with M
being updated aordingly; the orresponding new value
of u is drawn. The whole interfae is swept as many times
as neessary, until only sites with fi < 0 are left, whih
marks the end of an avalanhe. The external eld is then
inreased until fi = 0 for at least one site. This is the
threshold of a new avalanhe, whih is triggered by the
update of the site(s) with fi = 0, and so on.
The eet of the demagnetizing term on the eetive
eld He is that at rst it rises linearly with the applied
eld H , and then, upon further inrease in H , saturates
(apart from small utuations) at a value rather lose
to the ritial external eld for the orresponding model
without demagnetization [9, 10℄.
III. TIME SERIES: CORRELATIONS AND
ROUGHNESS
As explained above, owing to the assumed linear in-
rease of applied eld with time (in analogy with exper-
imental setups), we shall express time in units of H as
given in Eqs. (5) and (6). We have generated time series
of BN, with O (104 − 105) events. Steady state, i.e., the
stabilization of He of Eq. (6) against external eld H ,
ours after some 200 events, for the range of parameters
used here. Though we used only steady-state data, it was
noted that inlusion of those from the transient does not
appreiably distort any of the quantities studied.
In experiment, the integrated signal
∫
∆t V (t) dt is pro-
portional to the magnetization hange (number of up-
turned spins) during the interval ∆t. In the adiabati
approximation used here, a box-like shape is impliitly
assumed for eah avalanhe (i.e. details of the internal
struture of eah peak, as it develops in time, are ignored,
on aount of its duration being very short), thus the in-
stantaneous signal intensity (spike height) is proportional
to the orresponding avalanhe size.
We sample the utuations of the signal along sues-
sive windows" of equal time durationW , eah ontaining
many spikes. Eah window is divided into equally-spaed
bins of size δ; the signal intensity assoiated to eah bin
is the sum of the sizes of all avalanhes whih ourred
within that bin. The roughness w2 of the signal on a
given window starting, say, at t = 0, is given by
w2 =
1
W/δ
W/δ∑
i=1
(
Vi − V
)2
, Vi =
∑
t∈[(i−1)δ,i δ]
V (t) , (7)
3Figure 1: (Color online) Double-logarithmi plot of probabil-
ity distribution, P (WT), of waiting times (lower urve), and
aumulated distribution, Pacc(WT) ≡
∫
WT
0
P (t) dt (upper
urve). L = 400.
where V is an average of V (t) over the whole window
span W .
As the signal is intermittent, there are signiant pe-
riods (waiting times, heneforth referred to as WT) of
no ativity at all. Suh quiet intervals must be properly
aounted for in the statistis of utuations, hene are
must be taken when setting up the bin size δ.
We have examined WT distributions, for varying lat-
tie widths L = 200, 400, 800. In Fig. 1 (lower urve)
we display a double-logarithmi plot of the probability
of ourrene of assorted WTs for L = 400, against WT,
sampled over 8 × 106 events. The distribution is gen-
erally rather at, apart from (i) a sharp uto at the
high end (related to the nite uto in the avalanhe
size probability distribution, see the disussion of load-
ing times below), and (ii) a number of peaks onen-
trated in a somewhat narrow region orresponding to
10−5 . WT . 10−4. The latter are assoiated to very
frequent and small, spatially loalized (i.e. non-ritial)
events involving typially N = 1 − 10 sites [11℄. This
is easy to see by realling from Eqs. (5) and (6) that,
sine the demagnetization term keeps He approximately
onstant, a small avalanhe with N spins overturned de-
reases the internal eld by η N/L, thus requiring ap-
proximately the same inrease in external eld in order
to bring the system bak to ritiality. We have heked
that the peaks move onsistently with this argument, i.e.
their horizontal position is shifted leftward by a fator of
log10 2 for eah doubling of L.
Upon onsideration of integrated WT distributions
(upper urve in Fig. 1), we deided to set the bin size
δ = 10−5 (for L = 400, the system size for whih most
of our alulations are done, see below). With suh a
hoie, WTs shorter than δ our with less than 1% fre-
queny. This ensures both that inative periods are not
wrongly obsured by bursts of ativity, and that onseu-
tive avalanhes are rather unlikely to be lumped together.
At this point, a omment must be made on the on-
netion of the above results with previous investigations
of WT distributions in BN. In Ref. 23 it was predited,
from a fratal analysis of the ABBM [24℄ model whih
desribes domain-wall motion via a Langevin equation,
that P (WT) ∼ (WT)−(2−c), where c is proportional to
the external eld driving rate. Experimental data in SiFe
samples are onsistent with this [23℄. The present ase
of adiabati driving would then orrespond to c → 0.
However, it is ruial in the analysis of Ref. 23 that the
BN pulse durations be nite (even though they shorten
aordingly in the c → 0 limit). Indeed, the result just
quoted relies on onsidering the properties of omplemen-
tary sets, both with non-zero fratal dimension (namely
the time intervals during whih there is domain-wall mo-
tion, versus those of no ativity, i.e. WTs). The approxi-
mation used here, of onsidering BN pulses as having ex-
atly zero duration, destroys the onnetion of our data
with the oneptual framework in whih the power-law
dependene P (WT) ∼ (WT)−(2−c) was found. Though
in this sense the at WT distribution found here is most
likely an artifat of the model, the onlusions extrated
from the distribution with respet to the hoie of δ re-
main valid.
We now turn to the hoie of window width W . Re-
all that real-spae properties, e.g. interfae roughness,
of the systems under study benet from divergene of
the system's natural length sale, as it self-tunes its be-
havior to lie lose to a seond-order (depinning) transi-
tion [8℄. For suh quantities, universality ideas apply,
so one expets nite-lattie eets to be present only as
an overall sale fator. e.g. 〈w2〉 in Eq. (3) [3, 4, 5, 7℄,
However, in the study of time series for the same sys-
tems, one must bear in mind that a nite time sale τL
(loading time) is introdued via the demagnetization
term [9℄. This is illustrated in Fig. 2 (similar plots, ex-
hibiting both simulational and experimental results, an
be found in Ref. 9) where normalized two-time orrela-
tions 〈V (t)V (t + τ)〉/〈V (t)〉2 − 1 (averaged over t) are
shown. Therefore, dierent regimes will be found, de-
pending on the value of x ≡ W/τL. The limit x ≫ 1 is
expeted to reprodue the white noise harateristi of
unorrelated utuations, for whih the roughness distri-
bution is a pure Gaussian. On the other hand, non-trivial
eets may arise for x ∼ 1.
Before going further, it must be remarked that τL
in fat dereases for inreasing L. This an be un-
derstood by realling that (i) the probability distri-
bution for avalanhe size s goes roughly as P (s) ∼
s−τ exp(−s/s0) [9, 10, 11, 12℄; (ii) the uto s0 sales
approximately as s0 ∼ L
0.8
in the present ase of a one-
4Figure 2: (Color online) Normalized two-time orrelations
(averaged over t) 〈V (t)V (t+ τ )〉/〈V (t)〉2− 1 for system with
L = 400. Dashed line is t of data to single-exponential form,
from whih τL = 0.14(1) .
dimensional interfae [10℄. Thus the maximum waiting
time τM will vary as τM = η s0/L ∼ L
−0.2
. For L = 400,
we nd s0 ≃ 4× 10
4
[12℄, whih explains both the sharp
drop in the WT distribution at WT ≃ 0.5 in Fig. 1, and
the omplete vanishing of orrelations at τ & 0.5 in Fig 2.
In BN studies the onnetion between lattie-size-
dependent quantities in simulations, and their exper-
imental ounterparts, beomes espeially lear when
one onsiders the L-dependent uto in the power-law
avalanhe size distribution, and its relationship to the
maximum domain size in magneti samples [10℄. In the
present ase it should be stressed that nite loading
times are measured in experiment, under suitable ondi-
tions [9℄. Thus, we assume that the loading times found
here are not simply a nite-size artifat of simulations,
bound to vanish in the thermodynami limit harater-
isti of real systems. Instead, although we are not in a
position to propose quantitative omparisons, they must
orrespond to the experimentally-observed ones .
IV. RESULTS
By generating many realizations of the roughness w2
dened in Eq. (7) for given values of the physial pa-
rameters, we have obtained the orresponding roughness
PDFs. The shapes of roughness PDFs found here do not
usually onform to the generalized Gaussian (1/fα) dis-
tributions introdued in Ref. 4, although they display
ertain similarities to the pure Gaussian limit, whih or-
responds to α = 1/2 in the sheme of Ref. 4. We have
found it onvenient to adhere to onventions used in that
Referene and related work, namely expressing the PDFs
in a saling form, see Eq. (3).
We rst examine the limit x ≫ 1. Similarly to 1/fα
PDFs with α ≤ 1 [4℄, our results in this limit approah a
δ- funtion shape when expressed in terms of z of Eq. (3).
The solution, pointed out in Refs. 3, 4, is to use saling
by the variane, instead of by the average, i.e. swith to
the variable
y =
w2 − 〈w2〉√
〈w22〉 − 〈w2〉
2
. (8)
The orresponding saling funtion will be denoted by
Ψ(y).
In Fig. 3 we show results for window width W = 100,
in terms of y of Eq. (8). While in (a) the demagnetiz-
ing fator is η = 0.005 (thus τL ≃ 0.14 from Fig. 2), the
data in (b) orrespond to simulations of the same sys-
tem, with η = 0. As explained in Ref. 8, in this ase the
system is kept lose to ritiality by the following proe-
dure. We rst determined the approximate ritial value
Hce of the internal eld He of Eq. (6), by starting a sim-
ulation with η 6= 0 and waiting for He to stabilize. At
that point, we set η = 0 and repeatedly swept H in the
interval (γ Hce , H
c
e), γ . 1, aording to the proedure
delineated in Se. II. We have used γ = 0.9 for the data
displayed in Fig. 3 (b). With Hce ≃ 5.4 for the disorder
and elastiity parameters used here, data orresponding
to a window of width W = 100 in this ase was in fat
given by the ollation of data from ∼W/(1−γ)Hce = 185
onseutive eld sweeps as just desribed. Note that,
within a given eld sweep, many non-ritial events are
thus sampled (whih would by themselves give rise to a
non-universal PDF, see below the disussion for narrow
windows). However, owing to the entral limit theorem,
the result of the ollation of many independent segments
should yield an overall behavior whih is essentially Gaus-
sian.
One an see that in both ases, a single Gaussian en-
tered at y ≃ 0 and with variane ≃ 1 gives a good t to
data, onrming our expetation that demagnetization-
indued orrelations would be essentialy washed away for
W ≫ τL. It is worth mentioning, however, that the un-
saled variables tell a slightly dierent story: for the data
of Fig. 3 (a) one has 〈w2〉 ± σ = (127 ± 6) × 10
3
, while
in (b) 〈w2〉 ± σ = (6.3 ± 2.2) × 10
3
. Clearly, our data
would approah a δ- funtion shape if plotted in terms of
z dened in Eq. (3).
Considering now narrower windows, and keeping the
demagnetizing fator η = 0.005, we show data for W =
10.0, 2.5, and 1.0 in Fig. 4, where we have reverted to
plotting our results in terms of the variable z dened in
Eq. (3). This is beause it was notied that, against di-
minishing x, the saled roughness PDFs followed a trend
away from the δ-funtion shape whih was the motiva-
tion for using the variable y of Eq. (8). In order to pro-
due an aurate piture of deviations from the Gaussian
5Figure 3: (Color online) Saled roughness distributions Ψ(y)
of time series, for y of Eq. (8). L = 400, window width
W = 100. (a): demagnetizing fator η = 0.005 (τL ≃ 0.14),
6×103 samples. Dashed line is Gaussian t to data with mean
at y = 0.04(1), width σ = 0.96(1). (b): demagnetizing fator
η = 0 (see text), 2.1 × 104 samples. Dashed line is Gaussian
t to data, with mean at y = −0.07(1), width σ = 0.98(1).
limit, we have generated a muh larger number of sam-
ples (O(105)) than for W = 100.
Before analyzing the shapes exhibited in Fig. 4, it is
instrutive to hek how the demagnetization term inu-
enes the roughness PDFs in the narrow-window limit.
In Fig. 5 the saled distributions for W = 10 are shown,
both with and without demagnetization. The shapes of
PDFs are learly rather distint from eah other, high-
lighting the relevane of demagnetization eets in this
limit. For η = 0 the distribution peaks at z ≃ 0.15 and
deays very slowly afterwards. As mentioned above in
onnetion with the data of Fig. 3 (b), this reets the
non-universal statistis of non-ritial events whih our
alulational method for η = 0 inevitably inludes. The
dierene relative to that ase is that for W = 10, eah
roughness sample is the ollation of only ∼ 19 onseu-
tive eld sweeps. The orresponding results show that,
in ontrast to W = 100, here one is outside the range of
appliability of the entral limit theorem.
From now on we shall only deal with η 6= 0. Even
though W = 10.0 orresponds to x ≃ 70, it is lear from
Fig. 4 that a seondary peak is evolving, i.e. a signi-
ant distintion is emerging with respet to the simple
Gaussian piture found for larger W . Data for W = 5.0
(not shown) are virtually idential to those forW = 10.0.
While a seondary peak still shows up for W = 2.5, data
for W = 1.0 display only a single maximum (however,
Figure 4: (Color online) Saled roughness distributions Φ(z)
of time series, for z of Eq. (3). L = 400. Window width
W = 10 (triangles, 1.2× 105 samples), 2.5 (squares, 1.2× 105
samples), and 1.0 (rosses, 5.7× 105 samples).
Figure 5: (Color online) Saled roughness distributions Φ(z)
of time series, for z of Eq. (3), with and without demagnetiza-
tion. L = 400, window width W = 10. Triangles, η = 0.005,
1.2× 105 samples; irles, η = 0, 2.1× 105 samples.
6Figure 6: (Color online) Saled roughness distribution Φ(z)
of time series, for z of Eq. (3). L = 400. Window width
W = 10. Triangles are simulational data. Thik line is t
to Eq. (9), with b = 0.924(2), a1 = 1.03(1), a2 = 0.51(1).
χ2d.o.f. = 1.5× 10
−3
.
these latter learly dier from a pure Gaussian).
We then attempted to t the data in Fig. 4 to ana-
lytial forms. The W = 10.0 results strongly suggest a
double-Gaussian ansatz, as:
Φ(z) = bG1(z) + (1− b)G2(z) , (9)
where Gi is a Gaussian entered at ai with variane σ
2
i .
As W grows, one would expet b→ 1, a1 → 1 in Eq. (9).
Data for W = 10.0 are well tted by b = 0.924(2), a1 =
1.03(1), a2 = 0.51(1), as seen in Fig. 6. The χ
2
per degree
of freedom (χ2d.o.f.) is 1.5 × 10
−3
, indiating that the
form Eq. (9) indeed provides a satisfatory desription of
simulational results in this ase.
We have found that a similar t, albeit of somewhat
redued quality (χ2d.o.f. = 3 × 10
−3
, with b = 0.955(5),
a1 = 1.02(1), a2 = 0.06(3)) is feasible for the W = 2.5
data as well. Turning to W = 1.0, the double-Gaussian
ansatz worked surprisingly well, produing χ2d.o.f. = 6×
10−4, with b = 0.53(5), a1 = 1.24(4), a2 = 0.77(1) (i.e.
the two urves are roughly symmetri about z = 1, with
approximately equal weights).
Given that a double-peak struture is far from obvious
for the W = 1.0 data, alternative forms must be on-
sidered whih might also provide a suitable t to data
in this limit. We investigated the family of roughness
PDFs for 1/fα noise [4, 5℄, keeping in mind that win-
dow boundary onditions (WBC) are the appropriate
ones in this ase [3, 4, 5, 8, 25℄. Suh PDFs are usually
available in losed form [25℄. However, lose to α = 1
Figure 7: (Color online) Crosses: saled roughness distribu-
tion Ψ(y) of time series, for y of Eq. (8). L = 400, window
width W = 1. Dashed line is double-Gaussian t to data
(Eq. (9)). Full line is Fisher-Tippet-Gumbel distribution with
window boundary onditions. Vertial axis is linear in (a),
logarithmi in (b).
it is more time-eient to evaluate PDFs numerially
via the usual proedure of rst generating a very long
sequene of Gaussian white noise, Fourier-transforming
that sequene, multiplying the Fourier omponents by
f−α/2 and then inverting the Fourier transform [3, 4℄.
The resulting sequene is pure 1/fα noise, whih is then
hopped into windows for analysis of the orresponding
roughness PDF.
The best t of the 1/fα family to our data was
ahieved for α = 1, that is, the Fisher-Tippet-Gumbel
(FTG) statistis of extremes [3℄. Even so, signiant dis-
repanies remain. The overall piture is illustrated in
Fig. 7, where we have swithed again to the variable y
of Eq. (8) beause the FTG urve is better visualized in
this way [3, 4℄. One sees that, even though the double-
Gaussian urve gives an exellent t in the entral area
of the plot where Ψ(y) & 0.1, it fails away from there, es-
peially at the lower end. As to the FTG urve, while it
follows the data losely, it never atually mathes them.
V. DISCUSSION AND CONCLUSIONS
The usual approah to the frequeny domain in BN lit-
erature is via the study of power spetra [13, 26℄. It has
been found [11℄ that, in the adiabati limit of the inter-
fae model under onsideration here, the power spetrum
behaves approximately as 1/f2 within an intermediate
7range of frequenies. One might onstrue this as indi-
ating that the pure 1/f2 noise model of a Wiener pro-
ess [4, 7℄ applies in this ase. However, the numerially-
obtained full roughness PDF, whih ontains muh more
information than a setion of the power spetrum, tells a
more nuaned story. Indeed, in general it does not follow
a shape lose to that of 1/fα urves, exept for narrow
windows. Even there, the losest t within that family is
for α ≃ 1.
The question then arises of whether the generalized
Gaussian approximation underlying 1/fα noise models,
in whih the Fourier modes are onsidered as unorre-
lated [4℄, is suitable for the desription of BN time se-
ries. Our results, when onsidered in their evolution as
window width varies, appear more onsistent with the
idea that the similarity of our PDFs to that of 1/f noise,
found at the narrow-window limit, is fortuitous. We re-
all that, even in studies of real-spae interfae roughness,
it is known that the independent-mode approximation
gives rise to small but systemati disrepanies against
experimental data, whih an be traed bak to higher
umulants of the orrelation funtions [5℄. Furthermore,
even more severe disrepanies have been found when
boundary onditions other than periodi (e.g. window,
as is the ase here) are onsidered [8, 27℄.
Turning now to the double-Gaussian piture, admit-
tedly phenomenologial in its inspiration, nonetheless it
gives a desription whih is both numerially loser to
atual data, and spans a broad range of window widths.
The physial origins of the double-peak struture may
be traed bak to the demagnetization term, and the on-
sequent negative orrelations illustrated in Fig. 2. A win-
dow of width W ontains at least W/τM segments whose
internal roughness proles are unorrelated to eah other.
On the other hand, within eah suh segment, negative
orrelations are signiant at least to some extent, thus
preventing utuations from beoming very large. This
latter eet gives rise to the seondary peaks at y < 0,
or equivalently, z < 1. With τL ≃ 0.14, τM ≃ 0.5 for the
L = 400 systems whih have been the fous of our study,
one has for W = 1 that both inter- and intra-segment
utuations have similar weights, hene the b ≃ 0.5 result
for the double-Gaussian t in that ase. For W/τM ≫ 1
the dominant piture is one of many unorrelated blobs
of length ∼ τM , yielding the eetive single-Gaussian
limit observed.
The double-Gaussian piture displays features whih
are not fully understood at present. Fig. 8 exhibits
the variation of parameters b, a1, and a2 of Eq. (9)
against W for not very large window widths (in addi-
tion to W = 1.0, 2.5, 5.0 and 10.0 we ran simulations
at W = 0.5 and 1.5). While b varies approximately as
expeted within this theoretial framework (albeit with
small non-monotoniities), and a1 follows a rather mono-
toni trend, the behavior of a2 is intriguing, showing an
apparent trend reversal. So far we have not able to pro-
vide an explanation for this.
An alternative explanation for the observed behavior
Figure 8: Fitting parameters b (triangles), a1 (squares), and
a2 rosses) of double-Gaussian ansatz of Eq. (9), against win-
dow width W , for W = 0.5, 1.0, 1.5, 2.5, 5.0, 10. L = 400.
at W ≃ 1 may be proposed, following a line similar to
that advaned for the evolution of η = 0 data with in-
reasing W (see Fig. 5 and the respetive disussion).
In this senario, the W ≃ 1 PDF shapes would be non-
universal (i.e. neither 1/fα nor double-Gaussian). For
larger W . 10 the entral limit theorem would imply
that, for the superposition of many (almost) deorre-
lated non-universal proles, eetive Gaussian strutures
should emerge. In this view, the peak at z < 1 would
again be asribed to segments within whih negative or-
relations are felt, with the peak at larger z orresponding
to inter-segment proles.
Whatever the explanation of the behavior of rough-
ness PDFs for W ∼ 1, the extent of window widths for
whih an eetively double-peaked struture shows up is
onsiderably larger than, say, τL. Thus, a fairly straight-
forward way to detet the presene of demagnetization
eets in experimental setups would be via the analy-
sis of roughness PDFs of the indued signal V (t). Con-
sidering e.g. the onditions for the Perminvar samples
desribed in Ref. 9, where the average spaing between
peaks is 13 mse and τM ≃ 200mse, analysis of windows
of width ∼ 2 se should produe a well-dened double-
peaked struture similar to that of Fig. 6.
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